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PREFACE

The California Department of Fish and Game (CDFG) is responsible for the
protection and management of fish and wildlife. The CDFG protects fish and wildlife
from pesticide hazards through consultation with the California Environmental
Protection Agency’s Department of Pesticide Regulation (DPR) Pesticide Registration
and Evaluation Committee. The State Water Resources Control Board and the
Regional Water Quality Control Boards also protect fish and wildlife by promulgating
and enforcing water quality standards for pesticides and other toxic materials. In
recognition of the need for applicable environmental standards for fish and wildlife, DPR
contracted with the CDFG to assess the effects of pesticides on fish and wildlife and to
facilitate development of water quality criteria to protect aquatic organisms.

This document is the eleventh in a series of pesticide hazard assessments. Hazard
assessments have also been prepared for the herbicides molinate and thiobencarb, and
for the insecticides methyl parathion, carbofuran, chlorpyrifos, diazinon, methidathion,
methomyl, dimethoate, carbaryl, and malathion.
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SUMMARY

Available freshwater and saltwater toxicity data were reviewed for the fungicides
benomyl, captan, chlorothalonil, maneb, and ziram. Insufficient monitoring data were
available to perform a hazard assessment for California’s Sacramento-San Joaquin
River system.

Fifty-five tests on the acute and chronic toxicity of benomyl to aquatic animals
were reviewed and evaluated. Six of the eight required species were available for
calculation of a freshwater Final Acute Value (FAV). The most acutely sensitive
freshwater species tested for benomyl was channel catfish Ictalurus punctatus with a
Genus Mean Acute Value (GMAV) of 41 ng/L. No tests on saltwater species were
available. The interim freshwater FAV for benomyl was 17.5 ng/L and the interim
Criterion Maximum Concentration (CMC) was 8.8 ng/L. The CMC is the value at which
aquatic organisms should not be affected unacceptably if the one-hour average
concentration does not exceed the CMC value more than once every three years on the
average (EPA 1985). No chronic criteria were calculated due to a lack of data. No
monitoring data were available for benomyl in the Sacramento-San Joaquin River
system.

Thirty-seven tests on the acute and chronic toxicity of captan to aquatic animals were
reviewed and evaluated. Only three of the eight required freshwater species were
available, and no acute freshwater criteria were calculated. The most acutely sensitive
freshwater species tested for captan was brown trout Salmo trutta with a GMAV of 46
ng/L. No saltwater criteria were calculated due to a lack of data. No paired acute-
chronic values were available, and no chronic criteria were calculated. No monitoring
data were available for captan in the Sacramento-San Joaquin River system.

Twenty-three tests on the acute toxicity of chlorothalonil to aquatic animals were
reviewed and evaluated. Only four of the eight required freshwater species were
available, and no acute freshwater criteria were calculated. The most acutely sensitive
freshwater species tested for chlorothalonil was galaxiid fish Galaxias auratus with a

GMAV of 21 ng/L. No saltwater criteria were calculated due to a lack of data. The most
acutely sensitive saltwater species was eastern oyster Crassostrea virginica with a



GMAV of 26 ng/L. No paired acute-chronic values were available, and no chronic
criteria were calculated. Chlorothalonil was detected once by the U.S. Geological

Service in the San Joaquin River system at a concentration of 0.29 ny/L.

Thirteen tests on the acute toxicity of maneb to aquatic animals were reviewed and
evaluated. Only four of the eight required freshwater species were available, and no
acute freshwater criteria were calculated. The most acutely sensitive freshwater
species tested for maneb was rainbow trout fry Oncorhynchus mykiss with a GMAV of
330 ng/L. Only four of the required eight saltwater species were available, and no
saltwater criteria were calculated. The most acutely sensitive saltwater species was
copepod Nitocra spinipes with a GMAV of 110 ng/L. No paired acute-chronic values
were available, and no chronic criteria were calculated. No monitoring data were
available for maneb in the Sacramento-San Joaquin River system.

Fifteen tests on the acute toxicity of ziram to aquatic animals were reviewed and
evaluated. Only four of the eight required freshwater species were available, and no
acute freshwater criteria were calculated. The most acutely sensitive freshwater
species tested was bluegill sunfish Lepomis macrochirus with a GMAYV of 9.7 ng/L.
Only three of the required eight saltwater species were available and no saltwater
criteria were calculated. The most acutely sensitive saltwater species was eastern
oyster Crassostrea virginica with a GMAYV of >1,000 ng/L. No paired acute-chronic
values were available, and no chronic criteria were calculated. No monitoring data were
available for ziram in the Sacramento-San Joaquin River system.

Monitoring of the Sacramento-San Joaquin River system should be initiated to help
assess hazards posed by benomyl, captan and chlorothalonil to aquatic species.
Additional acute and chronic tests should be run on freshwater and saltwater species for
all five fungicides. Once additional studies become available, the CDFG may reassess
the hazards posed by these fungicides to aquatic species. Although current reporting
limits or reporting limits currently being developed appear low enough to indicate acute
toxicity of these fungicides, it is possible that reporting limits are inadequate to indicate
chronic toxicity. Current laboratory methods do not distinguish clearly between ziram,
maneb, and other closely related compounds. Monitoring for ziram and maneb should
be postponed until more accurate test methods are available.
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INTRODUCTION

The impact of fungicides on aquatic organisms in the Sacramento — San
Joaquin River system has received limited attention in previous studies.
Fungicides are used in the Sacramento and San Joaquin Valleys as preventative
measures against a variety of fungal organisms. Fungicides are generally used
during the rainy season from late fall to early spring, so there is potential for them
to run off into waterways. Aerial applications to flooded orchards increase the
potential for introduction into surface water. In addition, there is a lack of foliage
on the crops during winter and early spring to intercept the fungicides. Hazard
assessments were performed for five fungicides commonly used in the
Sacramento and San Joaquin Valleys.

Hazards from benomyl, captan, chlorothalonil, maneb, and ziram to aquatic life
in the Sacramento-San Joaquin River system could not be evaluated because of
the lack of monitoring data for these fungicides. However, toxic effects of these
compounds were assessed using available aquatic toxicity tests and
environmental fate information. Toxicity tests were evaluated for conformance
with specific criteria adapted from the U.S. Environmental Protection Agency (EPA
1985) and the American Society for Testing and Materials (ASTM 1988, 1992).
Although toxicity tests were not required to comply with all criteria, tests were
rejected if they did not observe fundamental ASTM (1988, 1992) procedures.
These include: test results reported as LCsy, ECso, NOEC or LOEC, having at
least one control, control survival above ninety percent, at least five test
concentrations, forty-eight or ninety-six hour acute test duration, acceptable
mortality range, and active ingredient above ninety percent. The California
Department of Fish and Game’s (CDFG) hazard assessments are based on data
from accepted tests and procedures adapted from EPA (1985) guidelines
(Appendix A).

The U.S. Geological Survey (USGS), the Central Valley Regional Water Quality
Control Board, and the Department of Pesticide Regulation (DPR) have not
monitored specifically for any of these fungicides.



BENOMYL
Use and Environmental Fate

Benomyl is a benzimidazole compound used as a systemic fungicide on fruits,
vegetables, nuts and grains, ornamentals, and as a seed treatment. From 1990 to 1995,
the reported use of benomyl in California ranged from 123,799 to 580,927 pounds per
year (Table 1) (DPR 1990-1995).

Table 1. Benomyl, captan, chlorothalonil, maneb and ziram use in California (in Ibs.), 1990-1995. #

Year Benomyl Captan Chlorothalonil Maneb Ziram
1990 233,464 264,290 511,462 1,632,259 934,671
1991 123,799 7,468 666,068 354,023 2,028,905
1992 145,982 296,670 861,252 596,774 1,815,506
1993 580,927 496,331 1,095,651 1,122,084 1,771,370
1994 151,974 618,166 861,603 1,032,686 1,027,380
1995 197,049 754,035 1,152,441 1,309,283 1,639,487

&California Department of Pesticide Regulation Pesticide Use Reports 1990-1995

Benomyl decomposes into the relatively stable metabolite carbendazim (methyl 2-
benzimidazolecarbamate), which has approximately the same order of toxicity as
benomyl (EXTOXNET 1993). In acidic or neutral water, benomyl decomposes within
several hours to carbendazim, which has a half life of two months (EXTOXNET 1993)
(Table 2). Benomyl's solubility in water is 2 mg/L at pH 9 and 3.6 mg/L at pH 5
(EXTOXNET 1993). Benomyl is strongly bound to soil and has a half-life of six to twelve
months when applied to bare soil (EXTOXNET 1993).

Table 2. Chemical properties of benomyl, captan, chlorothalonil, maneb, and ziram.

[ ] Hydrolysis t % Solubility in H,0 (ma/L) Soil t ¥ Mobility in Soil
Benomyl several hrs 2 (pH 9), 3.6 (pH 5) 6-12 mos. Low

Captan 8.2 hrs 5.1 1-10d <4in
Chlorothalonil 49d 0.6 N/A Low

Maneb Short 7.0 60 d Low

Ziram 17.67 hrs 18.3 Long N/A

The estimated bioconcentration factor (BCF) for benomyl ranges from 159 in rainbow
trout Oncorhynchus mykiss to 460 in bluegill sunfish Lepomis macrochirus, indicating
that benomyl does not significantly concentrate in living tissues (Howard 1991; National
Library of Medicine 1992).

The California Department of Health Services (CDHS) has not set an action level for
benomyl or carbendazim in drinking water (Milea 1998).

Toxicity to Aquatic Animals
Fifty-three tests on the acute toxicity of benomyl to aquatic animals were evaluated

(Appendix B). Forty-five tests were accepted (Table B1) and eight tests were not
accepted (Table B7).



Genus Mean Acute Values (GMAVSs) for benomyl and carbendazim were calculated using data
from accepted acute toxicity tests and were ranked in ascending order (Tables 3 and 4).
Freshwater benomyl GMAVs ranged from 41 pg/L for channel catfish Ictalurus punctatus to
>100,000 ug/L for crayfish Procambarus sp. No acute toxicity tests were available for saltwater
species. Freshwater GMAVs for carbendazim ranged from 26 ng/L for catfish Ictalurus punctatus
to >3,200 ny/L for bluegill sunfish Lepomis macrochirus.

Table 3. Ranked Genus Mean Acute Values (GMAV) From accepted benomyl acute toxicity tests on freshwater species
used to calculate the interim freshwater Final Acute Value (FAV).

Rank GMAV (ng/L) Organism Genus and species
1 412 Catfish Ictalurus punctatus

2 224° Rainbow trout Oncorhynchus mykiss
3 750 Amphipod Gammarus pseudolimnaeus
4 >1,000 Crayfish Orconectes nais

5 1,194 Bluegill sunfish Lepomis macrochirus
6 1,691% Fathead minnow Pimephales promelas
7 2,800 Cladoceran Daphnia magna

8 7,000 Midge Chironomus plumosus
9 >100,000 Crayfish Procambarus sp.

a

GMAV based on a geometric mean of more than one LCs, or ECy, for this species.

Table 4. Ranked Genus Mean Acute Values (GMAV) from accepted carbendazim acute toxicity tests on freshwater

species.
Rank GMAYV (ng/L) Organism Genus and species
1 26° Catfish Ictalurus punctatus
2 477 Rainbow trout Oncorhynchus mykiss
3 >3,200 Bluegill sunfish Lepomis macrochirus

& GMAYV based on a geometric mean of more than one LCsy, or ECy, for this species.

The EPA (1985) guidelines recommend eight freshwater taxa for which data should be
available to derive a freshwater Final Acute Value (FAV) and eight saltwater taxa to
derive a saltwater FAV (Tables 5 and 6). Usually, the four lowest GMAVs are the most
significant determinants in calculating a FAV. The four lowest freshwater GMAVs for
benomyl were for the catfish Ictalurus punctatus, rainbow trout Oncorhynchus mykiss,
amphipod Gammarus pseudolimnaeus, and crayfish Orconectes nais. The interim
freshwater FAV for benomyl was 17.5 ng/L. A final freshwater FAV for benomyl will be
calculated when data are available for the remaining two categories recommended by
the EPA. Acceptable data were available for six of the freshwater and none of the
saltwater species. Because of the lack of data, a saltwater FAV value was not
calculated for benomyl.

One chronic test on benomyl was accepted and one test was rejected. The Maximum
Acceptable Toxicant Concentration (MATC) for rainbow trout Oncorhynchus mykiss was
37 ng/L. The Acute-to-Chronic Ratio (ACR) for O. mykiss was 6. Two chronic tests on
carbendazim were accepted. For carbendazim, MATC values were 2.19 ng/L for
channel catfish Ictalurus punctatus and 19.34 ng/L for rainbow trout O. mykiss. The



ACR values were 8 for I. punctatus and 25 for O. mykiss. Due to the lack of chronic
toxicity tests, chronic criteria were not calculated.

Table 5. Eight families of freshwater aquatic animals recommended by EPA (1985) for use in deriving the freshwater
FAV, representative species for which benomyl acute toxicity data were available, and suggested species to
provide the necessary data.

Family Available Species Suggested Species

1. One Salmonid Rainbow trout -

2. Another family in class Bluegil s
Osteichthyes

3. Another family in phylum Fathead minnow e

Arthropoda or Chordata

4. One family not in phylum N/A® Rotifer
Arthropoda or Chordata

5. One insect family or any N/A Stonefly
phylum not already represented

6. One planktonic crustacean Cladoceran e
7. One benthic crustacean Amphipod e
8. One insect Midge e

®N/A = Species not available.

Table 6. Eight families of saltwater aquatic animals recommended by EPA (1985) for use in deriving the saltwater FAV,
representative species for which benomyl acute toxicity data were available, and suggested species to provide
the necessary data.

Family Available Species Suggested Species
1. Two families in phylum Chordata N/A® Sheepshead minnow
2. N/A Longnose killifish

3. One family not in phylum N/A Eastern oyster

Arthropoda or Chordata

4. Three other families not in N/A Dungeness crab
phylum Chordata

5. N/A Blue crab

6. N/A Grass shrimp

7. A mysid or penaeid N/A Mysid

8. One other family not N/A Rotifer

already represented

*N/A = Species not available.

Toxicity to Aquatic Plants

No data were available to analyze the toxicity of benomyl or carbendazim to aquatic
plants.



Hazard Assessment

Freshwater species were available for six of the eight freshwater and none of the
eight saltwater taxa recommended by EPA (1985) (Tables 5 and 6). The data shows
that fish are more sensitive than invertebrates to benomyl. Because the taxa missing are
invertebrates, it is likely that the additional 2 categories will not significantly change the
interim freshwater FAV. Therefore, an interim freshwater FAV was calculated, but tests
on two taxa are required to complete the eight taxa. These categories would be an
insect or an un-represented phylum, and a family not in Phylum Arthropoda or Chordata.
The species suggested to fill these categories are stonefly Plecoptera sp. and rotifer
Brachionus sp. It is possible that the FAV may change when these two categories are
filled. Eight acute toxicity tests using saltwater species such as those suggested in
Table 5 are required to determine saltwater quality criteria using EPA methods. In order
to calculate freshwater and saltwater FCVs, paired acute-chronic tests are needed for
fish and invertebrates. Calculation of the freshwater FCV requires paired acute-chronic
tests from a fish, an invertebrate, and an acutely sensitive freshwater species.
Calculation of the saltwater FCV requires paired acute-chronic tests from a fish, an
invertebrate, and an acutely sensitive saltwater species.

The EPA (1985) guidelines specify that a WQC consists of two concentrations, the
Criterion Maximum Concentration (CMC) to protect against acute toxicity and the
Criterion Continuous Concentration (CCC) to protect against chronic toxicity. The CMC
is equal to one-half the FAV. The CCC is equal to the lowest of three values: the Final
Chronic Value (FCV), the Final Plant Value (FPV), or the Final Residue Value (FRV)
(Appendix A). The FRV is intended to prevent pesticide concentrations in commercially
or recreationally important species from affecting marketability because of exceeding
action levels and to protect wildlife which consume aquatic organisms (EPA 1985).

The interim freshwater FAV for benomyl is 17.5 ng/L and the interim CMC is 8.8 ng/L.
EPA (1985) methods for establishing a CCC could not be followed because sufficient
chronic toxicity data were not available.

No monitoring data were available for benomyl in the Sacramento-San Joaquin River
system. Benomyl can be detected in water in concentrations as low as 1 ng/L (Cooper
1998). The lowest GMAYV for benomyl is 41 ng/L, and for carbendazim, 26 ng/L. These
values and the interim FAV and CMC are higher than the 1 ng/L reporting limit.
Therefore, the reporting limit for benomyl should be low enough to determine if water is
acutely toxic to aquatic organisms, but may not be adequate to determine chronic toxicity
for more sensitive aquatic species.



CAPTAN
Use and Environmental Fate

Captan is a carboximide compound used as a protective, eradicating fungicide on
fruits, vegetables, ornamentals, and as a seed treatment. From 1990 to 1995, the
reported use of captan in California ranged from 7,468 to 754,035 pounds per year
(Table 1) (DPR 1990-1995).

Captan’s solubility in water is 5.1 mg/L at 20 to 25°C (Wauchope et al. 1992) (Table
2). At 23°C in distilled water, the hydrolysis t;,, is 8.2 hours (Chevron n.d). Captan has
a low leaching potential (Chevron n.d.). Movement is usually less then four inches through
the soil (Chevron n.d.). Captan degrades rapidly in soil with a half-life of one to ten days
in most soil environments (EXTOXNET 1993).

An unpublished bioaccumulation study found no captan residues after thirty-three days
in any of the test organisms or accumulation in fish, and concluded that it does not
persist in water or biomagnify in the food chain (EPA 1975).

The CDHS has set an action level of 350 pg/L for captan in drinking water (Milea
1998).

Toxicity to Aquatic Animals

Twenty-nine tests on the acute toxicity of captan to aquatic animals were evaluated
(Appendix B). Eighteen tests were accepted (Table B3) and eleven tests were not
accepted (Table B8).

Genus Mean Acute Values (GMAVSs) for captan were calculated using data from
accepted acute toxicity tests and were ranked in ascending order (Tables 7 and 8).
Freshwater captan GMAVSs ranged from 46 ug/L for brown trout Salmo trutta to 164
pg/L for fathead minnow Pimephales promelas. Saltwater GMAVs ranged from
>10,000 ug/L for zoeal and juvenile crab Cancer magister to >100,000 pg/L for adult
crab Cancer magister.

Table 7. Ranked Genus Mean Acute Values (GMAV) from accepted captan acute toxicity tests on freshwater species.

Rank GMAYV (mg/L) Organism Genus and species

1 46% Brown trout Salmo trutta

2 547 Char Salvelinus namaycush

3 74* Salmon (New World) Oncorhynchus clarki (SMAV = 56)

O. kisutch (SMAV = 128)*
O. mykiss (SMAV = 73)
O. tshawytscha (SMAV=57)

4 78 Catfish Ictalurus punctatus

5 120 Perch Perca flavescens

6 141 Bluegill sunfish Lepomis macrochirus
7 164* Fathead minnow Pimephales promelas
a

GMAYV based on a geometric mean of more than one LCy, or ECs, for this species.



Table 8. Ranked Genus Mean Acute Values (GMAV) from accepted captan acute toxicity tests on saltwater species.

Rank GMAYV (ng/L) Organism Genus and species
1 >10,000% Crab zoeae (juvenile) Cancer magister
2 >100,000° Crab (adult) Cancer magister

The EPA (1985) guidelines recommend eight freshwater taxa for which data
should be available to derive a freshwater Final Acute Value (FAV) and eight
saltwater taxa to derive a saltwater FAV (Tables 9 and 10). Usually, the four
lowest GMAVs are the most significant determinants in calculating a FAV. The
four lowest freshwater GMAVSs for captan were for brown trout Salmo trutta, lake
trout Salvelinus namaycush, salmonids Oncorhynchus spp., and channel catfish
Ictalurus punctatus. The two lowest saltwater GMAVs for captan were zoeae
and juvenile crab Cancer magister and adult crab C. magister. Acceptable data
were available for only three of the freshwater and one of the saltwater taxa.
Because of the lack of data, freshwater and saltwater FAV values were not
calculated for captan.

Eight chronic toxicity tests were evaluated; all were rejected.

Table 9. Eight families of freshwater aquatic animals recommended by EPA (1985) for use in deriving the freshwater FAV,
representative species for which captan acute toxicity data were available, and suggested species to provide the
necessary data.

Family Available Species Suggested Species

1. One Salmonid Rainbow trout e

2. Another family in class Bluegil e
Osteichthyes

3. Another family in phylum Fathead minnow  cemeeeeee

Arthropoda or Chordata

4. One family not in phylum N/A® Rotifer
Arthropoda or Chordata

5. One insect family or any N/A Midge
phylum not already represented

6. One planktonic crustacean N/A Cladoceran

7. One benthic crustacean N/A Amphipod

8. One insect N/A Stonefly

®N/A = Species not available.



Table 10. Eight families of saltwater aquatic animals recommended by EPA (1985) for use in deriving the saltwater FAV,
representative species for which captan acute toxicity data were available, and suggested species to provide the
necessary data.

Family Available Species Suggested Species
1. Two families in phylum Chordata N/A? Sheepshead minnow
2. N/A Longnose killifish

3. One family not in phylum N/A Eastern oyster

Arthropoda or Chordata

4. Three other families not in Dungenesscrab oo
phylum Chordata
5. N/A Blue crab
6. N/A Grass shrimp
7. A mysid or penaeid N/A Mysid
8. One other family not N/A Rotifer

already represented

®N/A = Species not available.

Toxicity to Aquatic Plants

Six tests on the toxicity of captan to aquatic plants were evaluated (Appendix D) to
derive a Final Plant Value (FPV). Five tests were accepted. The FPV is the lowest
concentration of a pesticide that demonstrates a biologically important toxic endpoint
(EPA 1985). The lowest biologically toxic endpoint for captan was an ECsy value of 160
Hg/L for alga Skeletonema costatum (Table D-1). The FPV for captan is 160 pg/L.
Current data indicates that this fungicide is less toxic to aquatic plants than to freshwater
aguatic animals. It is likely that freshwater criteria that will protect aquatic animals will
also protect aquatic plants, but more data are necessary before this can be determined
conclusively.

Hazard Assessment

Acute captan toxicity data were available for only three of the eight freshwater and
one of the eight saltwater taxa recommended by EPA (1985) (Tables 9 and 10). No
toxicity values for freshwater invertebrates were available. This is too large of a data
gap to justify calculating interim FAVs. Five additional acute toxicity tests using
freshwater species such as those suggested in Table 9 are required to calculate
freshwater criteria using EPA methods. Seven acute toxicity tests using saltwater
species such as those suggested in Table 10 are required to determine saltwater criteria
using EPA methods. In order to calculate freshwater and saltwater FCVs, paired acute-
chronic tests are needed for fish and invertebrates. Calculation of the freshwater FCV
requires paired acute-chronic tests from a fish, an invertebrate, and an acutely sensitive
freshwater species. Calculation of the saltwater FCV requires paired acute-chronic tests
from a fish, an invertebrate, and an acutely sensitive saltwater species.



No monitoring data were available for captan in the Sacramento-San Joaquin River
System. Captan can be detected in water at concentrations as low as 0.5 ng/L (Cooper
1998). The reporting limit is probably sufficiently low to be able to indicate acute toxicity.
However, no invertebrate toxicity values and chronic values were available. The
adequacy of the reporting limit should be reconsidered when more toxicity values are
available.



CHLOROTHALONIL
Use and Environmental Fate

Chlorothalonil is a nitrile compound used as a preventative fungicide on fruit,
vegetables, ornamentals, and grasses. From 1990 to 1995, the reported use of
chlorothalonil in California ranged from 511,462 to 1,152,441 pounds per year (Table 1)
(DPR 1990-1995).

Chlorothalonil is relatively stable to hydrolysis with a hydrolysis half-life of 49 days
(DPR 1994) (Table 2). Aerobic and anaerobic half-life values are 35 days and 8 days,
respectively (DPR 1994). Chlorothalonil is almost insoluble in water (0.6 mg/L at 25°C)
(EXTOXNET 1993). It is immobile in most soil types, but moderately mobile in sandy soil
(EPA n.d.). Chlorothalonil’s soil absorption coefficient (Ky) is 1,787 cm3/g (DPR 1994).
Chlorothalonil is highly lipophilic, which would allow for rapid uptake and bioconcentration,
but it has a low, estimated bioconcentration factor of 425 (Gallagher et al. 1992,
EXTOXNET 1993).

The CDHS has not set an action level for chlorothalonil in drinking water (Milea 1998).
Toxicity to Aquatic Animals

Twenty-three tests on the acute toxicity of chlorothalonil to aquatic animals were
evaluated (Appendix B). Eighteen tests were accepted (Table B4) and five tests were
not accepted (Table B9).

Genus Mean Acute Values (GMAVSs) were calculated using data from accepted acute
toxicity tests and were ranked in ascending order (Tables 11 and 12). Freshwater
chlorothalonil GMAVs ranged from 21 pg/L for galaxiid fish Galaxias spp. to 64 pg/L for
cladoceran Daphnia magna. Saltwater GMAVSs ranged from 26 ug/L for eastern oyster
Crassostrea virginica to 320 pg/L for pink shrimp Penaeus duorarum.

Table 11. Ranked Genus Mean Acute Values (GMAV) from accepted chlorothalonil acute toxicity tests on freshwater
species.

Rank GMAYV (ng/L) Organism Genus and species

1 21% Galaxiid fish Galaxias auratus (SMAV = 29)
G. maculatus (SMAV = 16)
G. truttaceus (SMAV = 19)

2 21% Rainbow trout Oncorhynchus mykiss

3 52 Catfish Ictalurus punctatus

4 55 Carp Cyprinus carpio

5 62 Bluegill sunfish Lepomis macrochirus

6 64° Cladoceran Daphnia magna

a

GMAV based on a geometric mean of more than one LCy, or ECy, for this species.
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Table 12. Ranked Genus Mean Acute Values (GMAV) from accepted chlorothalonil acute toxicity tests on saltwater

species.
Rank GMAYV (ng/L) Organism Genus and species
1 26 Oyster Crassostrea virginica
2 32 Spot Leiostomus xanthurus
3 320 Pink shrimp Penaeus duorarum

The EPA (1985) guidelines recommend eight freshwater taxa for which data should be
available to derive a freshwater Final Acute Value (FAV) and eight saltwater taxa to
derive a saltwater FAV (Tables 13 and 14). Usually, the four lowest GMAVs are the
most significant determinants in calculating a FAV. The four lowest freshwater GMAVs
for chlorothalonil were for galaxiid fish Galaxias spp., rainbow trout Oncorhynchus
mykiss, channel catfish Ictalurus punctatus, and carp Cyprinus carpio. The three lowest
saltwater GMAVs for chlorothalonil were for oyster Crassostrea virginica, spot fish
Leiostomus xanthurus and pink shrimp Penaeus duorarum. Acceptable data were
available for only four of the freshwater and three of the saltwater taxa. Because of the
lack of data, freshwater and saltwater FAV values were not calculated for chlorothalonil.

Due to the lack of chronic toxicity tests, chronic criteria were not calculated.

Table 13. Eight families of freshwater aquatic animals recommended by EPA (1985) for use in deriving the freshwater
FAV, representative species for which chlorothalonil acute toxicity data were available, and suggested species to
provide the necessary data.

Family Available Species Suggested Species

1. One Salmonid Rainbow trout e

2. Another family in class Bluegil e
Osteichthyes

3. Another family in phylum Capp e
Arthropoda or Chordata

4. One family not in phylum N/A? Rotifer
Arthropoda or Chordata

5. One insect family or any N/A Midge
phylum not already represented

6. One planktonic crustacean Cladoceran e

7. One benthic crustacean N/A Amphipod

8. One insect N/A Stonefly

®N/A = Species not available.
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Table 14. Eight families of saltwater aquatic animals recommended by EPA (1985) for use in deriving the saltwater FAV,
representative species for which chlorothalonil acute toxicity data were available, and suggested species to
provide the necessary data.

Family Available Species Suggested Species
1. Two families in phylum Chordata Spot e
2. N/A? Sheepshead minnow
3. One family not in phylum Eastern oyster e

Arthropoda or Chordata

4. Three other families not in Pink shtimp e
phylum Chordata
5. N/A Blue crab
6. N/A Grass shrimp
7. A mysid or penaeid N/A Mysid
8. One other family not N/A Rotifer

already represented

®N/A = Species not available.

Toxicity to Aquatic Plants

No data were available to analyze the toxicity of chlorothalonil to aquatic plants.
Hazard Assessment

Acute chlorothalonil toxicity data were available for only four of the eight freshwater
and three of the eight saltwater taxa recommended by EPA (1985) (Tables 13 and 14).
This is too large of a data gap to justify calculating interim FAVs. Four additional acute
toxicity tests using freshwater species such those suggested in Table 13 are required to
calculate freshwater acute criteria using EPA methods. Five additional acute saltwater
toxicity tests using saltwater species such as those suggested in Table 14 are required
to determine saltwater criteria using EPA methods. In order to calculate freshwater and
saltwater FCVs, paired acute-chronic tests are needed for fish and invertebrates.
Calculation of the freshwater FCV requires paired acute-chronic tests from a fish, an
invertebrate, and an acutely sensitive freshwater species. Calculation of the saltwater
FCV requires paired acute-chronic tests from a fish, an invertebrate, and an acutely
sensitive saltwater species.

Chlorothalonil has never been specifically monitored in the Sacramento-San Joaquin
River system. However, in 1994, when monitoring for d